Abstract-A novel chirping technique is applied to the design of very high-power waveguide harmonic low-pass filters. The technique could be used, for instance, to avoid multipactor testing in multicarrier systems such as the output multiplexer of a communications satellite. The novel chirped filter shows low insertion loss, all higher order mode suppression, and broad stopband rejection up to the third harmonic. This paper focuses on the maximization of the filter power-handling capability without affecting its excellent frequency behavior. Given a certain frequency response, the E-plane mechanical gap of the structure and the length (in the propagation direction) of the waveguide sections between its constituent bandstop elements can be considered to improve the high-power behavior. However, the power performance may not be sufficient yet in some applications if we wish, for instance, multipactor testing to be avoided. This becomes feasible by chirping the length (in the propagation direction) of the bandstop elements. An example for Ku band is discussed for relevant frequency specifications. An improvement from ∼8 kW (non-chirped filter) to more than 100 kW (chirped filter) is obtained. As a reference, the equivalent waffle-iron filter can handle only 0.15 kW. Such high-power threshold levels have never been reported before for such kind of filters.
I. INTRODUCTION

L
OW insertion loss and high-power-handling capability are the main features of the rectangular waveguide technology. Within this technology, low-pass filters have been used for a long time in numerous applications [1] - [3] . For this reason, it would be useful to have a flexible design method of low-pass filters, which could be easily adapted to a multitude of different scenarios, in particular with different requirements in terms of power handling. For instance, modern satellite payloads are operated with an increasing number of communication channels and still increasing power level per channel [3] . In fact, the peak power due to multiple carriers operating simultaneously compromises the output multiplexer and, more precisely, the output low-pass filter. Specifically, with the growing development of high-power payloads in the 12-20-kW range, the power at the output of the output multiplexer can now reach several kilowatts [4] . The requirements imposed in terms of power handling can make very difficult and costly to fully assess multipactor experimentally in these filters due to the high power levels involved at high frequencies. Therefore, it would be very useful for the space industry to develop a method to design filters, which could handle at least 6 dB above the equivalent multicarrier peak power to avoid testing the devices, following the recommendation in [5] . For instance, if we assume a multicarrier system with 12 carriers of 120 W each, the peak power that the filter would have to withstand is, in the most pessimistic scenario [6] , 17.3 kW (120×12 2 ). According to [5] , the filter should handle in analysis at least 70 kW (6 dB above 17.3 kW). Getting these extreme values is not possible with the proposals made in the literature up to now. However, it would make an important impact on industry.
The corrugated waveguide filter is a classical solution for low-pass filters when low-loss, compact size, and an easy manufacturing are required [7] . However, there are some intrinsic tradeoffs in its design, such as the fact that it is not possible to achieve high-power behavior and a wide stopband simultaneously. Over the last years, some techniques based on quarterwave stubs have appeared in the literature. In [8] , an alternative to the classical E-plane corrugated filter was proposed for very wide rejected bands and high-power applications. These filters are based on E-plane quarter-wave stubs following a smooth (sinusoidal-like) profile, which are used to maximize the high-power behavior of the filter [9] , unfortunately making the manufacturing by computer-controlled milling (CCM) more complicated. Moreover, long windowed sections at the input and output ports are employed to achieve the matching of the filter, affecting the final size and, consequently, the insertion loss. Recently, in [10] , the possibility of achieving very steep slopes in the fundamental TE 10 -mode frequency response along with a very wide rejected band and a drastic reduction in terms of insertion loss and size in comparison 0018-9480 © 2016 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
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with the classical corrugated filter has been demonstrated using an easy-to-manufacture topology also based on quarter-wave stubs. Although the filter in [10] also permits high multipactor threshold levels, the suppression of the spurious higher order modes still remains a problem. Indeed, spurious modes may unfortunately appear due, for example, to misalignments between waveguides [11] . In applications where their suppression is mandatory, the abovementioned filters are not useful. The spurious passbands due to the higher order TE n0 modes are well reported in [12] , and can be perfectly suppressed with classical solutions, such as waffle-iron [13] or evanescent-mode filters [14] . Some improvements of the classical waffle-iron filter were studied in [15] - [17] where wider passbands and higher powerhandling capabilities were achieved in comparison with [13] . However, the minimum mechanical gap in the waffle-iron filters is directly connected with the maximum frequency of the fundamental-mode rejected band. Thus, if the maximum frequency to be rejected is high, the E-plane mechanical gap will be small and, therefore, high-power operation will not be allowed. In recent times, a high-power low-pass filter with the suppression of the higher order TE n0 modes was presented in [18] and [19] based on a 2-D arrangement of quarter-wave bandstop elements of smooth profile. Like [8] , this technique requires long windowed sections to achieve the matching of the filter, which have a negative impact on the insertion loss of the filter and its final size. In additional, the manufacturing by CCM is time-consuming.
Another way to accomplish the suppression of the higher order TE n0 modes is by employing [20] , where Levy introduced an inhomogeneous corrugated filter whose width is varied along the structure. More recently, this concept has been used in other high-power design methods such as [21] - [23] . Both methods draw on quarter-wave resonators along the propagation direction to achieve the required attenuation of the fundamental mode in the stopband. In [22] , the solution is given by two concatenated filters, where one of them has a constant reduced width, and the matching requires the inclusion of two long classical tapers. Unlike [22] , a single-filter solution is proposed in [23] based on an arrangement of the bandstop elements of sinusoidal profile with a smooth width variation to suppress the higher order TE n0 modes. The higher order non-TE n0 modes are rejected by properly adjusting the filter E-plane mechanical gap, which is not connected now to the TE 10 -mode response. This latter high-power technique behaves very well when a steep slope between the passband and the rejected band is desired, although it suffers from the same problems that we have observed in [8] or [18] of cumbersome manufacturing by CCM. Recently, a high-power low-pass filter for Ka-band applications, which features low insertion loss, compact size, and stopband rejection up to the third harmonic has also been presented in [24] . The filter in [24] benefits from an easy manufacturing by CCM and all higher order mode suppression too. Nevertheless, none of the previous reported techniques allow power-handling levels high enough so that the multipactor testing in a multicarrier system could be avoided according, for instance, to the ESA-ECSS standard recommendations [5] .
In this paper, in order to reach multipactor threshold levels high enough so that future tests in multicarrier systems, for instance, could be bypassed, a novel chirping technique has been applied to the length (in the propagation direction) of the step-shaped bandstop elements that compose a harmonic low-pass filter such as those in the advanced configurations of [10] and [24] . The design method is explained in Section II along with an insightful discussion on the technique's free parameters. That will aid the designer during the implementation of the high-power chirped low-pass filters. We will look, on the one hand, for size and insertion loss minimization and, on the other hand, for high-power-handling capability maximization. The chirping of the length of the bandstop elements will be shown with an example for relevant specifications to increase the power handling from ∼8 kW (nonchirped filter) to more than 100 kW (chirped filter). For comparison purposes, the power handled by the equivalent waffle-iron filter is only 0.15 kW. The measured frequency response of a prototype manufactured in two halves by CCM in aluminum and then silver-plated is presented in Section III. The high-power behavior of the prototype will also be discussed in Section IV.
II. THEORY AND DESIGN METHOD
In [10] , the possibility of achieving a low-pass filter with a very wide rejected band in the fundamental-mode frequency response was demonstrated for high-power applications. In [24] , the technique of [10] was extended to get the suppression of all higher order modes, and besides, a higher powerhandling capability compared with [10] was accomplished by means of a proper modification (tapering) of the minimum mechanical gap along the structure. Nevertheless, none of the previous filters provides a multipactor threshold level high enough to avoid, for instance, a test campaign if a multicarrier system is assumed. In this paper, chirping techniques are adequately applied during the design of the previous lowpass filters [10] , [24] to dramatically improve the high-power behavior.
A. Non-Chirped Filter
The design of the non-chirped low-pass filter is well described in [10] for the suppression of the fundamental TE 10 mode only, and in [24] if the suppression of all the higher order modes is also desired (Fig. 1) . The attenuation in the required stopband for the fundamental TE 10 mode is achieved by means of several λ g /4-step-shaped bandstop elements, h, of identical length (in the propagation direction), l, separated by very short waveguide sections of l gap length. The λ g /4-heights of the bandstop elements of the main block of the filter are defined between the highest (h max ) and the shortest (h min ) used to reject the lowest ( f min ) and the highest ( f max ) frequency of the stopband, respectively. The minimum mechanical gap of the structure is a free parameter and evolves linearly from b gmin to b gmax , simultaneously achieving higher order non-TE n0 mode suppression and high-power behavior. As it is well known, the first non-TE n0 mode to appear is the TE 01 mode, whose cutoff frequency, f cTE01 , is c/2b, being b the value of the minimal mechanical gap of the filter and c = 1/(ε 0 μ 0 ) 1/2 the speed of light in vacuum. Therefore, b gmin must be small enough in order to ensure f cTE01 > f max and, hence, guarantee no higher order non-TE n0 -mode propagation in the filter stopband. However, the power levels achieved are still not sufficient for some applications, as it will be demonstrated in the following. The matching of the filter is accomplished by means of two matching networks at the input/output ports of the main block. Finally, in order to design a filter with higher order TE n0 mode suppression too, a smooth x-axis width tapering is applied to the whole device (see Fig. 1 ). See [10] and [24] for more details.
A novel concept has to be introduced in the non-chirped low-pass filters proposed in [10] and [24] in order to increase sufficiently the high-power handling if, for instance, the cumbersome and costly multipactor testing is to be bypassed. The concept developed in this paper would have then an enormous impact on the space filter industry.
B. Chirped Filter
Some of the steps in the design of a chirped filter coincide with the design method outlined in the previous paragraph: first, the design of a main block, which will determine the required stopband of the filter, and second, the design of the matching networks, which will reach the input and output heights of the standard ports and the required return loss of the filter. In particular, the design begins again by fixing the λ g /4-heights of the main-block bandstop elements to achieve the required attenuation of the filter stopband [ Fig. 2(a) ]. However, the lengths (in the propagation direction) of these elements will be now different, as will be discussed in the following. The steep slope between the pass-and the rejected band is accomplished through a reduced extra number, n hmax , of bandstop elements with the largest height. The minimum mechanical gap, b gap , is defined, like in the non-chirped case, between b gmin and b gmax . The matching of the filter is accomplished by means of two matching networks of M and N stubs [ Fig. 2(b) ]. M and N are obtained by optimization (the larger M and N, the wider the passband). Finally, a smooth width tapering is applied to suppress the higher order TE n0 modes as it was aforementioned for the non-chirped case [ Fig. 2(c) ].
The main difference between the chirped and non-chirped filters is that, in the chirped case, the length, l i , of the filter step-shaped bandstop elements will be properly defined to achieve the highest power-handling capability, while the frequency response is not affected. Specifically, as it will be demonstrated in the following, a linear chirping, following (1), of the length of the elements, between l min and l max , will increase dramatically the multipactor threshold level (strictly speaking, this chirping is applied to the main-block bandstop elements only, being this length constant and equal to l min or l max in the stubs of the input and output matching networks)
The idea is very simple to be implemented and, in particular, it does not make the manufacturing complicated. Indeed, the relevance of this strategy can be very important, since it will allow power levels so high that, for instance, the costly multipactor testing of filters in multicarrier scenarios could be avoided. A final 3-D representation of the non-chirped and chirped filters is shown in Figs. 1(b) and 2(d), respectively.
The usefulness of the proposal in this paper is explained in this section by means of the design of several chirped and non-chirped filters and proper comparisons. Let us begin by designing a WR75 non-chirped device fulfilling the frequency specifications defined in Table I to provide a baseline filter for the comparisons [24] . The filter achieves the suppression of the fundamental TE 10 and all the higher order (TE n0 and non-TE n0 ) modes in the stopband. For this assessment, in order to do a fair comparison with previously reported results, the total number of elements, both in the main block and in the matching networks, has been intentionally fixed identical in this step-shaped filter as in [23] (sinusoidal stubs). Besides, in this baseline filter, l and l gap have been set both equal to 1.91 mm, and the E-plane mechanical gap has been fixed constant and equal to 3 mm as in [23] too. This choice of values does not still take full advantage of the benefits of the presence of free parameters in the technique. However, the frequency response of this device and the filter designed following [23] coincide. The final main dimensions of the filter are shown in Table II and its simulated frequency response in Fig. 3 , showing that the required specifications are fulfilled.
In order to analyze the high-power behavior of the filter, we have studied the multipactor phenomenon, which can cause the breakdown due to high EM fields in vacuum conditions in space applications [25] . Aiming at enhancing the high-power behavior of the filter, it is indispensable to know accurately the EM field distribution inside the device. The maximum EM fields of the step-shaped filter are obtained at 12.7 GHz, which is the upper passband edge frequency. As can be seen in Fig. 4 , this kind of filters shows a quite interesting field distribution. The maximum fields are placed in the highest step-shaped bandstop elements region. Specifically, as shown in Fig. 4 , two different field directions can be observed, which will affect to the free-electron trajectories and, therefore, to the multipactor threshold. The first one is the field component (mainly in the y-direction) placed in the waveguide section between two bandstop elements, and the second one is the field component (mainly in the z-direction) placed inside the bandstop elements. Therefore, enhancing both critical sections should provide better high-power behavior. As a first approach, if we want to reduce the probability of the multipactor phenomenon, the well-reported solution is to enlarge the E-plane mechanical gap [26] by means of larger values of b gap . This is very easy in our case, since b gap is, actually, a free parameter. However, this will only lead to a limited improvement (see Section II-B1). The avoidance of the multipactor between the bandstop-element walls will be then carefully studied (Section II-B3). 
1) Influence of the E-plane Mechanical Gap, b gap :
When the higher order non-TE n0 mode suppression is a requirement, it is necessary to guarantee that the mode with the lowest cutoff frequency (TE 01 mode in our example) is not able to propagate in the section with minimum E-plane mechanical gap, b gmin . In fact, as it has been demonstrated in Fig. 3 , with an E-plane mechanical gap equal to 3 mm, the TE 01 -mode cutoff frequency is shifted above the third harmonic for a filter fulfilling the specifications defined in Table I for the fundamental mode.
On the other hand, as pointed out earlier, the maximum EM fields at the critical frequency are placed in the region of the highest step-shaped bandstop elements. If the high-power behavior of the filter is required to be increased, a larger gap, b gmax , can be adjusted between the highest bandstop elements. Therefore, higher order non-TE n0 -mode suppression and highpower behavior can be achieved simultaneously if a linear variation of the E-plane mechanical gap is performed between b gmin and b gmax . In addition, this will also be advantageous in terms of insertion loss, compared to a structure with a constant mechanical gap, b gmin [24] , [28] .
For the specifications defined in Table I , three step-shaped filters have also been designed using a WR75 port standard. The only difference between them and the baseline filter (constant 3 mm gap) is the applied linear variation of the E-plane mechanical gap [see Fig. 2(a) ] between b gmin = 3 and b gmax = 4, 5, and 6 mm. As it is shown in Fig. 5 , all the filters show an excellent attenuation level and in-band return loss, demonstrating that the E-plane minimum mechanical gap can be changed without altering the frequency response. In addition, as it has been said, this minimum mechanical gap increase along the propagation direction (z-axis) produces a slight improvement in the insertion loss of the filter. For instance, the baseline constant 3-mm-gap filter shows an in-band insertion loss better than 0.25 dB, while the in-band insertion loss of the filter with a gap variation between 3 and 6 mm is kept below 0.22 dB. Moreover, as expected, the high-power simulations of the filters show that the multipactor power threshold level increases with the size of the E-plane mechanical gap (see Table III ). It is important to note that, in opposition to the baseline filter, the EM field distribution mainly oscillates now between the bandstop element walls in the propagation direction (z-axis) and becomes quite weaker in the waveguide between the bandstop elements [see Fig. 6 (a) and (b)]. Nevertheless, these values of multipactor thresholds are not sufficient if multipactor tests need to be avoided, for instance, in multicarrier scenarios and, thus, an alternative approach has to be sought.
2) Influence of the Waveguide Length Between the Bandstop Elements, l gap :
As it is well known and it has been extensively studied in the literature [27] , [29] , the multipactor discharge threshold increases when the length of the iris is decreased. This is translated, in the novel filters proposed in this paper, into a reduction of the waveguide length between the bandstop elements or l gap . Moreover, this reduction yields to more compact structures. In fact, the waveguide length between the bandstop elements is shown with an example below to have no negative influence on the TE 10 -mode frequency response of the step-shaped filter and, actually, it could be ideally reduced to zero although, in practice, it must have a value which will be determined by the fabrication constrains. In our case, the minimum value of l gap is fixed to 0.825 mm since this is the minimum value that our fabrication facilities permit (to obtain a stiff device using CCM).
If we consider a novel filter identical to that in Section II-B1 with a gap variation between 3 and 6 mm, but now with l gap equal to 0.825 mm instead of 1.91 mm, the specifications in Table I are perfectly fulfilled, as shown in Fig. 7 . The total length of the filter L T is equal to 156 mm, which implies a reduction of 25% in size. Moreover, this filter shows a slight improvement in the insertion loss (0.21 dB). However, the power-handling capability is not improved as much as we initially could have guessed though (P thr = 8.2 kW). This is due to the fact that the maximum EM field component oscillates mainly between the waveguide walls of the bandstop elements in the propagation direction (z-axis), as shown in Fig. 6(c) . This leads us to the conclusion, already mentioned earlier, that, if a higher power-handling capability is desired, the chirping techniques should be applied to the bandstop elements length, l. With a larger l in the critical region, multipactor can be prevented between the bandstop element walls. 
3) Influence of the Bandstop Elements Length, l:
As it was shown previously, if the E-plane mechanical gap is large enough, the EM field distribution between the walls of the bandstop elements in the propagation direction (z-axis) is the most significant component for the estimation of the multipactor threshold. Hence, the bandstop element length should be fixed appropriately if a higher power behavior is necessary. Indeed, l could be increased without negatively affecting the frequency response, as shown in the following.
In order to dissect the most appropriate l values, four stepshaped filters have been considered with the same parameters as the example proposed in Section II-B2 (E-plane mechanical gap variation between 3 and 6 mm and l gap equal to 0.825 mm) with different constant values of l (l = 2.39, 2.87, 3.35, and 3.82 mm). As it is demonstrated in Fig. 8 as an example, the filter with the largest l fulfills perfectly the frequency specifications defined in Table I . Moreover, as can be observed in Table IV , the multipactor threshold is dramatically increased in the critical area [see also Fig. 6(d) ], making it high enough to reach power levels which could avoid, for instance, future multipactor tests in multicarrier systems. In a practical case, in order to design a filter with the highest power-handling capability and, at the same time, the minimum total length, the length of the bandstop elements will not be constant but linearly chirped between l min and l max , following (1), as in the example of Section III. l min is the length of the h min -height bandstop element and l max is the length of the h max -height element in the critical region.
The main conclusions of the discussions in Sections II-B1-3 are summarized in Fig. 9 , showing the influence of the gap width, b gap , the distance between bandstop elements, l gap , and the length of the bandstop elements, l, on the filter multipactor threshold level (y-axis in logarithmic scale), for the same frequency behavior.
III. DESIGN EXAMPLE: SIMULATION AND MEASUREMENT
As a design example, a novel multipactor-free low-loss harmonic waveguide low-pass filter with the fundamental TE 10 mode as well as all the higher order modes suppressed in the stopband, following the procedure in Section II, has been designed, manufactured, and characterized, fulfilling the frequency specifications given in Table I . In the filter, a linear chirping technique has been applied to the length of the stepshaped bandstop elements so that cumbersome and costly multipactor tests in multicarrier systems could be avoided.
The heights of the largest and the shortest bandstop elements have been set to λ g /4 at the minimum and maximum stopband frequencies, respectively, and further refined with a few simulations using FEST3D. Their final values are h max = 5.88 mm and h min = 0.5 mm. Moreover, the steep slope between the pass-and the rejected-band is easily achieved with n hmax = 5. The E-plane mechanical gap is linearly defined between b gmin = 3 mm and b gmax = 6 mm, since this allows high power operation, low insertion loss, and higher order non-TE n0 modes suppression simultaneously. l gap is 0.825 mm, since this is the minimum separation between bandstop elements that our available fabrication facilities permit. A linear chirp has been defined, following (1) , between l min and l max which are fixed to 1.91 and 3.26 mm, respectively. Once the main block parameters have been set (see Table V ), we simulate its frequency behavior. As can be observed in Fig. 10 (gray line) , the required attenuation level in the stopband of filter is achieved. However, the return loss of the main block alone does not fulfill the frequency requirements.
Therefore, once the main block filter is designed and the required stopband of the filter is achieved, the next step is the design of the matching networks to get the required passband return loss and to reach the standard port dimensions. M = 7 and N = 2 stubs have been added at the input and the output, respectively. Then, an optimization process is run over the elements of the matching networks using the FEST3D optimizer module, and the final heights b i and b i are given in Table VI [the difference between the return loss obtained with only the main block and with the main block and the matching networks is shown in Fig. 10 (inset) ]. As it can be clearly seen in Fig. 10 , the return loss is adjusted as required by the introduction of the matching networks, while the stopband rejection remains almost unaltered.
Finally, a width reduction with a Hanning window between a 0 and a min = 14.85 mm along L w = 65.5 mm, is introduced to guarantee the TE n0 -mode suppression (L end = 79.15 mm).
The simulated frequency response of the final filter is shown again in Fig. 11 along with the frequency response of a classical waffle-iron filter designed to fulfil the same frequency specifications, following [13] . For both filters, the in-band return loss is better than 20 dB and the attenuation level in the stopband is kept below 60 dB. All the higher order modes are perfectly suppressed as it is shown in Fig. 11 (inset) for the novel filter. However, compared with the classical waffle-iron filter and [23] , the novel filter shows an improved insertion loss (0.22 versus 0.26 dB and 0.22 versus 0.3 dB, respectively, using the conductivity of silver) and, more importantly, much higher power-handling capability as will be demonstrated in Section IV.
A prototype of the novel filter has been manufactured in two halves by CCM (machining radius r = 0.75 mm) in bare aluminum and then silver-plated (Fig. 12) . The measurements of the device were carried out using an Agilent 8722 VNA, proper waveguide-to-coaxial transitions, waveguide tapers, and calibration kits. The measurements show an attenuation larger than 60 dB up to 40 GHz and the in-band return loss is kept better than 20 dB in the passband (see Fig. 13 ). The worst value of the insertion loss of the filter is 0.21 dB [ Fig. 13 (inset) ]. Higher order mode suppression was checked by introducing bends and misalignments at the filter input and output ports [11] . For instance, 90°H -plane bends were used to observe the higher order TE n0 -mode filter behavior [ Fig. 13 (gray line) ]. As predicted, the filter features an excellent higher order mode suppression. Last but not least, the novel chirped filters can be easily manufactured by CCM.
IV. HIGH-POWER ANALYSIS
The high-power behavior of the novel chirped filter designed in Section III and the classical waffle-iron filter for the same frequency specifications has been estimated by means of SPARK3D, considering the EM fields previously calculated with CST MWS. The simulations have been done at 12.7 GHz (upper passband edge), which is the frequency where the EM fields are maximum and the multipactor threshold will be minimum, using silver as background material.
As it has been aforementioned and well discussed in Section II, the maximum EM fields are placed in the region where the highest bandstop elements are located. The filter gap in this area has been made so large (6 mm) and the length of the highest bandstop elements is also so large (3.26 mm) that the EM field is very weak in this region and, therefore, a very high-power-handing capability is possible. In fact, the multipactor threshold power levels obtained in this example are better than 100 kW (versus only 0.15 kW in the classical waffle-iron filter and 7.5 kW in the filter designed following [23] ). Therefore, this filter could be used to avoid a multipactor test in a multicarrier system with, for example, 12 carriers of 120 W each (equivalent multicarrier peak power equal to 17.3 kW), since it handles the power levels larger than 70 kW in analysis (6 dB above the peak power), meeting the safety margins prescribed by the ECCS-ESA document on high-power testing [5] .
V. CONCLUSION
In this paper, a very simple-to-use chirping technique has been applied to the design of high-power compact low-loss waveguide harmonic low-pass filters with all the higher order modes suppressed in the stopband. This proposal has been shown to avoid, for instance, cumbersome multipactor testing campaigns in multicarrier systems. The main characteristic of this method is that the multipactor threshold of the filter can be freely adjusted as high as the application requires. In particular, the multipactor threshold has been shown to increase from ∼8 kW (non-chirped case) to more than 100 kW (chirped case) in our example, simply by using this chirping strategy. Moreover, the filter can be easily manufactured by conventional machining methods such as CCM. Compared with a classical waffle-iron filter for the same frequency specifications, the novel device benefits from a better insertion loss and a multipactor-free operation: more than 100 kW for our filter versus only 0.15 kW for the waffle-iron case. Such high multipactor thresholds have never been reported for such kind of filters. A prototype has been manufactured in silver-plated aluminum and its frequency behavior has He is currently an Assistant Professor with the Electrical and Electronic Engineering Department, Public University of Navarre. He is the Co-Founder of TAFCO Metawireless, Navarre, Spain, a spinoff company. His current research interests include periodic structure devices for microwave, millimeterwave and terahertz frequency ranges, numerical techniques for the inverse scattering synthesis, and design of passive components for communications satellites.
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